Located in the middle and lower reaches of the Yangtze River, the Liangzhu Culture was one of the most 14 important Neolithic cultures at the dawn of Chinese civilization. However, uncertainty over the lower age 15 limit ending the Liangzhu Culture has resulted in a lack of consensus in defining its timespan. In order to 16 establish the lower age limit, a representative site of late Liangzhu Culture, the Bianjiashan wharf, located in 17
Introduction
remaining 22 radiocarbon derived dates has been widely accepted (Luan, 1992) . From differentpart of which is preserved for millennia in soils and sediments. In essence, BC is a carbon sink with long 111 half-lives of 5-7 ky, dependent on environmental conditions (Preston and Schmidt, 2006). The chemical and 112 thermal stability of BC is evident from its aromatic structure and physical protection, binding with minerals 113 and other organic compounds (Forbes et al., 2006) . However, in sedimentary environments, BC can absorb 114 and potentially covalently bind with younger or older exogenous carbon which can cause inaccuracies in 115 14 C dating. 116 
117
Catalytic hydropyrolysis (HyPy) is pyrolysis assisted by high hydrogen pressure (>10 MPa) with a dispersed 118 sulphided molybdenum (Mo) catalyst to separate labile and refractory carbonaceous components has 119 emerged as a new tool for isolating and quantifying BC (Ascough et al., 2009). The ability of HyPy to purify 120 BC is of considerable significance both for age measurement and tracing studies. It has been used in analysis 121 of terrestrial kerogens getting overall 100% conversions of thermally labile material (Roberts et al., 1995) . 122 Also, HyPy is capable of providing detailed molecular distributions of non-BC contaminations ( In this study, to establish the lower age limit of the Liangzhu Culture and to further demonstrate the efficacy 140 of HyPy for pretreatment of charcoals, charcoal samples were recovered from a continuous river 141 sedimentary profile at the Bianjiashan wharf. These have provided a series of radiocarbon dates to 142 determine the demise of the Bianjiashan Site, and so provide evidence for the possible date of the end of 143 the Liangzhu Culture. Any labile organic matter present and the non-BC HyPy fraction of charcoal comprising 144 relatively small aromatic structures that are released by HyPy were recovered and characterized by to identify their potential source. In addition, dates of the original charcoals and the BC HyPy fractions are 146 compared to assess the extent of the degree of contamination. Two pieces of wooden stakes were also 147 selected for 14 C dating to substantiate the reliability of dating data from charcoals. As these samples would 148 contain no carbonaceous that would be stable under HyPy conditions, they were instead cleaned up with a 149 standard "acid-alkali-acid" (AAA) procedure. the Liangzhu population (Zhao, 2012) . 164 
165
The development of the Bianjiashan Site is clear in that the oldest tombs, from the first stage of 166 development, appeared at the middle and north of the site in the early period of the middle Liangzhu 167
Culture. Two large ash pits were excavated during the middle Liangzhu Culture, belonging to the second andrepresenting the late period of late Liangzhu Culture. Overlying the Bianjiashan Site is a 0-60 cm thick layer 170 of pure bluish yellow silt (Fig. 1b) , which is thought to be contemporaneous with the demise of Liangzhu 171 Culture, although no dating work has been undertaken on it. 172 
173
In this study, the fragments of charcoals, which were discovered distributing along the natural sedimentary 174 profile in the ancient river around the wharf, were collected to provide a means of determining the age of 175 demise of Bianjiashan Site, and hence evidence of the lower age limit of late Liangzhu Culture. The charcoals 176 are granular and were found distributing continuously along the profile. They were only observed in water 177 area around the wharf and dwelling site, and were believed to have direct relationship with charcoals found 178 in the ash pit and yards of the dwelling site (Zhao, 2007 were applied at 70 °C for 1 hours and repeated as necessary to ensure the absence of any carbonate. After 268 rinsing to neutral, dilute sodium hydroxide solution was used repeatedly until all the humic acids were e 269 removed. After rinsing to neutral, a final acid wash was applied to ensure the absence of atmospheric 270 contamination from the alkali. During this process all roots and organic debris were eliminated. The samples 271 were dried and microscopically examined for cleanliness, uniformity and where applicable appropriately 272 sub-sampled for the measurements. The charcoal samples (types A, B, C) that were available in small 273 quantities were subject to only the initial acid treatment to remove carbonate, since the alkali treatment 274 would have dissolved the entire sample. Single AMS measurements were carried out on all the samples. 275 
276
The measured radiocarbon ages were corrected for isotopic fractionation using the by a quantified closeness-of-fit parameter to the measured data points. The calibration database used was 283 INTCAL13 (Reimer, et al., 2013). One sigma (68% probability) and two sigma statistics (95% probability) were 284 represented on the calibration curve and both probabilities are reported. The atomic H/C ratios of the charcoals prior to HyPy and the resultant BC HyPy fractions are presented in Fig. 4 . 299 Most of the fresh charcoals have relatively low atomic H/C ratios (all below 1.0) and they generally fall in a 300 relatively narrow range of 0.20 to 0.37 (except #10, #13 and #14), which indicated that they were composed 301 of extremely large PAH clusters. As with the previous studies on charcoals and other BC-rich materials (e.g. Charcoal #1 was collected from the top of the silt core. Both the BP and calibrated ages from the original 317 fresh charcoal with standard Beta pretreatment and from BC HyPy residue are similar (Table 3 and Figure 5 ) 318 and also confirm that this charcoal has the youngest age in the vertical sedimentary profile. The 14 C ages are 319 older for the BC HyPy residue but only just outside the experimental error for the BP ages which suggests 320 there could be minor contamination of charcoal #1 by more recent carbon. civilization was in decline, it can be deduced that the collapse of the Bianjiashan site should not be 329 considered to have begun earlier than Cal BC 2580 to 2470 (95% probability), the date obtained from BC HyPy 330 residue which is considered to be a more reliable indicator than the original charcoal giving the latest 331 possible age range as Cal BC 2415 to 2410 (95% probability). Thus, the BC HyPy residue gives the last possible 332 date as being 60 years older than the original charcoal. It was suggested that the lifespan of the Bianjiashan 333
Site ash pit is from BC 3150 to 2550 (Zhejiang Provincial institute of Cultural relics and Archaeology, 2014) 334 where the relics were from late period of middle Liangzhu Culture to early period of late Liangzhu Culture. 335 The estimate of no later than BC 2550 for the lower age limit of Liangzhu Culture (Zhejiang Provincial 336 institute of Cultural relics and Archaeology, 2014) is consistent with the mean age of the more recent 337 calendar calibrated age range BC 2525 for the BC HyPy residue (Table 3) . The two pieces of wooden stakes have basically consistent age distributions, with sample #120 has a 361 younger lower limit of Cal BC 2650 to 2635 than that of sample #084, Cal BC 2725 to 2695. The wharf was 362 established in the later stages of the Bianjiashan site (Zhao, 2007) and was then extended and repaired, the 363 overall lower limit of Cal BC 2725 to 2635 for the wooden stake 084 should be the time at which the wharf 364 was established. 
Conclusions 420 421
The Bianjiashan Site represents the latest stage of Liangzhu Culture (Zhao, 2007) . The time of the the 422 existence of the river, the sediment sequence of charcoals and establishing the wharf not only provides 423 clues of the development of the Bianjiashan Site, but also give strong insights into the lower age limit of late 424 Liangzhu Culture. From this study we can state the following conclusions: 425 426 1. The dating results obtained from BC residues #1, #6, #10 and #13 compose a continuum representing the 427 evolution of the river and also continuous habitation. The dating data combined with previous results give a 428 possible time span of the Bianjiashan Site from Cal BC2900 to 2865 (95% probability) to Cal BC 2580 to 2470 429 (95% probability). Thus, activity at this site continued for no more than about 400 years. 430 431
